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HARTFORD PROTECTION WORKS
FARK RIVER CONDULT

PERTINENT DATA

Location Park River from its confluence with the
Connecticut River to and across
Bushnell Park, in the centrel portion
of the City of Hartford, Conn,

Type of land protected = Commercial and Industrial

Llevations {Above Mean Sea Lovel)

Inlet head wall (top) 51,0
Inlet dike (top) 50,0
Invert at inlet 15,25
Invert at outlet =3,16

Concrete Conduit

Shape =« Two compartments with come
mon dividing wall; roof end floor
cambered
Dimensions =
Height (interior) 19 16"
Width (interior - each compartment) 301-Q"
Height (exterior)
Heaviest section 26'211"

Lightest section 2zt- 7"

Width (exterior)

Heaviest section 72ra Q"
Lightest section E61a 6"
Total length, approximately 5,600 ft,

Inlet Structure

Type = concrete apron and cantilever wing
walls, flankod on west by short low earth

dike,
Maximum height of wall above apron 3l ft,
’ Length of apron 50 ft,.



Qutlet Structure

Type = concrete apron with cantilever wing

walls; river bed beyond concrete protected

by area of rock fill
Maximum height of well above apron 26 ft,
Length of apron 8L ft.

Principal Quentities

Earth Excavation 204,000 c,y.
Rock Excavation 75,000 coye
Conerete 103,000 ceye
Reinforcing Steel 16,000,000 1b,
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I, INTRODUCTION

A, AUTHQRIZATION, = Flood protection work in the Park River is a

paert of the local protection works for the City of Hartford, Connecticute
The original project is included in the report on flood control for the
Connecticut River and publighed ag House Document No. 455, 75th Congress,
Second Session, The project is authorized under the Flood Control Act
approved June 28, 1938,

B. NECESSITY FOR THE PROTECTION, =~ Park River flows through the

heart of the City of Hartford and enters the Conmecticut River about L0 f£t,
downstream from Memorial Bridge, It has a drainage area of about 78
square miles at its junction with the Connecticut River and is subject
not only to backwater {rom Connecticut River hut also to floods resulting
from heavy reinfall on its own watershed, During the great flood of 1936,
serious inundetion of high value areas of the City of Hartford resulted
from the backing of the Connectiout River into the low=lying valley of
this stream, If the main Connecticut River dikes at Hartford, wh;ch have
been or are about to be constructed, are to be effective, it is essential
that the Park River be confined for that portion of its length subject

to the effects of backwater from the Connecticut River.

€. TYPE OF PROTECTION WORKS FOR PARK RIVERs = The protsction works

for the Park River, as recommended by the Board of Engineers for Rivers
and Harbors, wes primarily desigred for protection againat backwater from
Connecticut River floods ss modified by the twenty reservoirs of the
Comprehensive Plan, This requirement would have been satisfied by an
opsn-walled chamnel consisting of ocantilever or counterfort walls on both

gsides of the river from the Connecticut River upstresam to Bushnell Park



or Hudson Streetj above this.point e single wall following the left or
north benk of ths river to high ground near Asylum Street; and from
Hudson Street to high ground along the southern edge of the Park an earth
dike to prevent flood waters of the Park River from resching the protected
area.,

Under this proposal & large ares of Bushnell Park would bc inundated
during floods, For this and various other reasons the City of Hartford
proposed a closed pressure conduit, beginning at the westerly edge of the
parks This office agreed to design and construet the pressure conduit
according to the requirements of the City, provided that the extra cost
of this undertaking be paid for by the City, The project as discussed in
this analysis, therefore, applies to the pressure conduit following the
alignment as selected by the City. (For comparative costs see Section VI, )
For general location plan and profile see Plates Noge 1 to 7 inclusive.

Dy COOPERATION WITH REPRESENTATIVES OF THE CITY AND OF THE NEW YORIK,

NEW HAVEN AFD HARTFORD RAILROAD, « During the preparation of preliminary

layouts and estimates, and also during the actusl design of the conduit,
congultations have been held with the officials of the Hartford Flood Con=-
trol Commission, of which Mr. Charles J, Bennett is Consulting Engincer
and Executive Secretary, and with City Engineer Robsrt J, Rosz, relative
to the basic considerations and deteils in which they are interested., In
its easterly portion the conduit hms been kept below grades determined by
the City for the future construction of s depressed traffic artery which
may be built on top of the conduit, Through Bushnell Park the alignment
of the conduit follows a location determined by the Flood Commission in

consultation with the park authority of the City. They have been able %o



select a dirsct and economical route which would cause least demage to
valuable shade trees and other features of the park, The design, as
finally developed, meets the approval of the City of Hartford.

Where the New York, New Haven & Hartford Reilroad track passes over
the conduit just west of the dike, the structure has been designed to
carry loads designeted by the engineers of the railroad and the design
has been reviewcd and approved by them, The railroad was reprosented
by Mr, E. E. Oviatz, Chief Engineer.

E, PROVISIONS FOR FUMPING FACILITIES, = The construction of the

Riverfront Dike {under separato contract) and the Park River Conduit will
prevent the netural surface drainage from reaching the Connecticut River
during high river stages, For the purpose of discharging the accumulated
surface drainage, including that from locel storm runoff, from within the
protected ares and seepage through the dikes or their foundations, pumping
facilities are necessary. Two pumping stations are proposed {or tho pro-
tected arem, snd, due to the characteristics of the existing sewer system,
the two stations will be operated simultaneously, One station will dis-
charge directly into the Connecticut River, while the other will be lo-
cated in Bushnell Park near Hudson Street and will discharge into the
proposed Park River Conduit, The pumping stations will be construched
under separate contracts, and discussion of their design will be found

in the analysis for these stetions.

A Bix=foot by six=foot opening will be provided in the Perk River
Conduit nenr Hudson Street for future connection with the pumping station
outlet conduit, The surface drains along the conduit, which will be pro=
vided under this contract will be connscted to the city sewer systen,

while the side drains will be counected independently to the Park River

Conduit; see Section IV, B l,



F. SHORT DESCRIPTION OF THE PROPOSED WORKS. - The pressure conduit

will be about 5600 feet in length and will teke the form of a double-
barreled structure, each compartment having a clear width of 30 feet and
a maximum cleer height of 19,5 feet, with flatly curved roof and invert.
It will begin at an outlet on the river face of the proposed Connecticut
River dike and will follow in general the present course of Park River
to Bushnell Park at Fudson Street; here it will leave the present course
of the river and proceed by a more direct aligmment across the Fark,
rejoining the existing river channel at the westerly side of the Park

by means of a suitable inteke structure about 1200 feet downstream from

Broad Street,
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II. GEQLOGICAL INVESTIGATION

Ae FOUNDATION CONDITIOQNS

1, Sulsurface conditions are shown on Plates Nos. 8 to 11

inclusive, entitled "Subsurface Explorations"”, and consist in general

of £i11 and flood plain deposits of sand and silt overlying e layer of
Boft varved, red clay with natural void ratio of about le5s Below the
clay and overlying rock is a compact formation of red, cohesive glacial
till forming an excellent foundation stratums, For the greater part of
its length the conduit rests directly on this glacial till or on rock,
At the mouth of the conduit at the Connecticut River the compact till is
from 20 to L5 feet below the foundation and in this scetion piles are
used, driven through the clay and into the compact till,

2. Method and extent of explorations. - Numerous borings were

maede on and near the location of the proposed conduit. These borings
determined the location of bedrock and also the nabture of the overburden
through which excavations must be made and on which in some instences
the proposed structure will be constructed, The location of borings and
a condensed record of the materials encountered will be found on the
plates referred to above,

3, Bite. = As described above under Paragraph I-F, the site
of the proposed conduit follows the present location of the Park River
channel except across Bushnell Park where s éirect alignment cuts off
the bend in the river course, For much of the distence in the chennel
red shale bedrock is close to the present bed of the stream, belng
covered only by a few feet of debris deposited by the stream. In its

lower reaches, the bedrock falls awmy and is covered with a mantle of



sedimentary material of various grades including fine sand, silt and

clay, which is an integral part of the deposits of these materials which
ocour in and along the Comnecticut River in this wicinity., Along the
course of the proposed conduit through Bushnell Park the foundation will

be partly on bedrock and partly on glacial till which occurs in depressions
in .the rook surface,

L, Nature of excavations. = In the 1500 feet of length nearest

the Connecticut River, excavation will be made in earth to a subgrade in
the silty Connecticut Riyer deposits referred to above, into which piles
will be driven to reach the firm glacial till overlying bedrock at =
probable meximum depth of about L5 feet below the subgrade, Above the
firm glacial till lies & thick layer of varved clay, very weak and un-
steble end believed to be unsuitable, without piles, for the support of
a structure of the importence and exposure of the proposed Park River
conduit and its outlet,

In the next 2000 feet, or as far as Bushnell Park, the excavation
will be in rock to depths substantially below the foundations of adjacent
buildings which closely abut the river chennel throughout this portion
of the streams This will require care in blasting and may possibly
involve some underpinninge

Across Bushnell Park, excavation to reach subgrade in either rock or
glacial till must pass through a substantial layer of varved clay, the
trescherous characteristics of which will doubtless require the use of
tight sheeting in making the excavetion.

5, Borrow area, =~ For impervious backfill around the conduit

under the Connecticut River front dike, material will be obteined from a



borrow area located approximately & miles from the outlet (see Flate No,
12}, The materisl in this ares consists of glacial till interstratified
with silt, classes 11 and 13, with natural water content only slightly
above that for optimum compmsction, This area has been developed for
previous use in embankment construction.

Pervious and impervious material for the dike near the iniet and
for miseellaneous backfill mey be obtmined by selection from structure
excavation,

B, LABORATORY INVESTIGATIONS

1. Q}gasifioation of materinls, = The Providence District has

adopted a convenient system of soil classifiocation having rigidly
standardized terms, In this classification soils are divided into 16
classes as shown graphically on Flate No, 13 and described in Table No. 1.
Seils of uniform grain size are designated by even numbers, soils of
variable grain size by odd numbers and grain size limits of materials
follow the M,I,Ts Classification except that the size demarcation between
811t and coarse olay is not 0,002 mm, but varies from 0,006 mm. to 0,0006
mm, Grain~gize curves of samples were obtained by sieve and hydrometer
tests run on representative semples for each stratum encountered in each
exploration. Theose materials were clessified and grouped into sedimentary
units es shown on Plate No, 9 entitled "Underground Exploration",

2, Laboratory tests. - Water contents and void ratios were

determined on l=inch paraffined cores of the clay and silt, Undisturbed
samples from the stratum of varved, soft eclay have been secured and tested
from ten G=inch bore holes scattered throughout the Hartlord Area. Ex-
tensive consolidation, direct shear, and unconfined compression tests have
been run on these undisturbed samples and the results correlated to this

project by compaerison of Atterberg limits,

- 7 -
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PROVIDENCE SOIL CLASSIFICATION
U. S. ENGINEER OFFICE
PROVIDENCE, R. I.

TABLE NO. 1

CLASS . DESCRIPTION OF MATERIAL
]
1 +Graded from Gravel to Coarse Send, - Conteins little medium sand,
' .
1
2 ¢Coarse to Medium Sand, - Contains little gravel and fine sand.
1
:
3 :Graded from Gravel to Medium Sand., - Contaeins little fine sand.
:
s
L «Medium to Fine Sand, - Contains little coarse sand and coarse
: 8ilt,
1
5 1Graded from Gmvel to Fine Sanc[. - Contains little coarse silt.
1}
6 ¢+Fine Sand to Coarse Silt, - Contains little medium sand and medium
s s81lt,
]
7 +Graded from Gravel to Coarse Silt, - Contauins little modium silt,
2
H
8 sCoarse to Medium Silt. - Contains little fine sand and fine silt,
t
f}
9 :Graded from Gravel to Modium Silt, =~ Conteins little fine silt.
t
2
10 «Medium to Finc Silt. = Conteins littls coarssc silt mnd coarse elay.
s+ Possosses behavior churacteristics of silt.
3
10 ¢ :Medium Silt to Coarsc Clay. - Contains littlc coarse silt and
: medium clay, Posscssos bohavior characteristies of clay,
?
11 sGraded from Grovel or Coarse Sand to Fino Silt, - Contains little
1+ coarse clay.
?
12 ¢+Fine Silt to Clay. - Contains littlc medium silt and fine clay
+ (collolds). Posscsscs behavior characteristics of silt.,
'
12 ¢ :Clay. =~ Conmtains littlo silt. Posscssos behavior characteristics
+ of clay.
2
13 sGraded from Coarse Sand to Clay. = Contains littlc fine clay
t (colloids), Po8sossas bohavior characteristices of d1t,
1
13 ¢

:Clay, = Graded from sand to finc clay (colloids), Possesses
¢ bohavior characteristios of cloy.

“- 8 -
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I1I. FLOOD HYDRAULICS

A, DESIGN FLOODS, - The Park Rivor flood on which the dosign of

the condult is bnsed is the result of extensive studies made by the U, 5.
Epginaer office in Providence, R, 1. und by the Engincers of tho Hertford
F;.ood Control Commission, These studioes wro rovicewed by Metealf & Eddy
in their report dnted January 19, 1940, in which the conclusion was

renched that provision should be made for 18,000 cu, ft. por sccond in

tho Park River vwhen tho Connecticut River is at Elevation 26 and the
headwoter at tho condult inlet in Bushnell Park ot Elewvetion Ly, (Soe
Appendix A.) This report has becn nccopted as the basis of design, The
conduit ns designed satisfics both the conditions estalll shed by the
District Enginoor and by the Enginecrs of the City.

J B. FREEBOARD, - At the conduit inlot the headwall and other works
provide o froeboard of 2 feot above the cstimated maximum headwoter

lavel; wave action in this loeality is expeeted to be negligible.

C. PUMPING REQUIREMENTS. - During large floods in the Comnocecticut

River, the notural dminage and storm runoff from areas below the Perk
Rgver conduit inlet snd behind the Comnecticut River dikes will have to
be; punped from the protected area to the rivor. Pumping foeilites to
necomplish this will be provided in sseparate undortakings,

D. HYDRAULIC DESIGK.

1, Selootion of Dimensions. - Considerations discussed in the

réport of Metoalf & Eddy detod February 23, 1940, upon Preliminary Loy-
outs and Estimatos led to the adoption of o double-barroled condult of
rolotively wide cnd shallow proportions. Subsequent to thot report,

furthor compnrctive studies led to the finol sclection of 30 feut as the

¢
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inside width of eaech of the two compartments, snd 19 ft, 6 in. as the
moaximum inside height, Both invert and crown are flat olrcular curves
with middle ordinctes of 2 ft. Smoll fillets at the top and bottom of
exterior wnlls are provided for structural reosons, Tho cross-sectional
aren of each conduit is SLL sq. ft., o total of 1088 sq. ft., giving o
velocity of 16,55 ft, per seo. ot the design rate of 18,000 cu, ft, por
soc, The same interior dimensions are uscd throughout the length of the
conduit,

2, Hydraulic Losses, - The hydmulie computations were made

on the basis of the foll owing assumptionsg
(a) Friction, - A royghnoss coefficiant of n = 0.012
. wes usod in the Mamning formula, with additional
allowance for curves,

(b) Curvature, - A radius of 150 ft. ot the center line
of the structurc (mid-point of the dividing wall)
wos used for nll ocurves., This brings the radii of
the imner ond outer condults with in the runge whore
losges at curves in excoss of those on tangents may

be token as
(A 1/2 42
0.25 (30 Pz whero A is the angle of deflection

N,
in dogroes, . [f..de A e ¢ z’d,;____/_

() Inlet, ~ A loss of @a/the incranent of velooity \'l%;ﬁ b

head was tukon at the inlet, The wuter is guided

smoothly into the inlet by porallel walls in the lower
portion eonforming to the old river channol and by

oylindricel wing walls in the upper part. Ths crown

- 11 =



of the inlet is rounded olliptie«lly at the junction
with the hoadwnll,

(d) Outlot, - The velceity is assumod to bo dissipatod upon
dischargo into the Comocticut Rivor, no attempt boing
made to recover head by specinl outlot design,

2, Gonoral Hydmulic Behavior, - Under the condition s assumod

for maximum flow, the oonduit will be submerged for its ontire length
and thore nre no veloelty changes which require considorntion oxcept
beyond tho outlet where scour will be controlled by an apron of rock fill
on tho bod of the Comnectleut River.

At moderate ratos of flow in the Parl Rlver, when the condult is less
than full ot its uppor ond, shooting velocities will dtoin in the upper
ronches of tho conduit and on hydrnulic jump will result, Tho loeation
of the jump will dopond upon the stage of the Connceticut and the rato of
flow in the conduit. There are en infinite number of corbinations of
stoge and rete of flow which might conceivably occincide, nnd at cortain
of these the jump would come in contact with the roof, The probability
of colncidence of a critical river stage with a rate of flow in the con-
duit large enough to ereate a jump of troublesome proportions is extremely
remote. The moximum capacity of the conduit would not be affected Wt
the jump may possibly undulate cnusing vihration if in conmtact with the
roof, Tt is bolieved thot the structure is sufficiently mossive to bo
undamaged by this infrequent evembuality.

An hydrnulio model will he omstructod to corroborata the design.,

- 12 -
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IV, STRUCTURAL DESIGN

A. GENERAL, - The principal structurs involvod in this project
is the doublo-barreled conduit of reinforced concrote, Speeinl strue-
tures include inlet and outlet and cortein inecidental provisions for
nccess and for connections with minor conduits,

1. Typical Conduit, - The double=barraled conduit is a stoat=

ically indoterminate structure and has boon designed as o rigld fromo
by o procsss of summation of incromemts of equal lengths, Scveral
typical sections hove boen designed nnd for each locality that typical
goction is selected which bost fits the conditims of loonding,

2, Inlet Structure, - The inlet structure will consist of o

cantilever hoadwall built integrally with the conduit roo £, detached
cylindrical cantilever wings ond a goncreto ~pron, The inlet is placed
squarely ncross the existing river chanmel, the low vertical walls of
which will be extended or rebullt up to the inlot thus guiding ordinnry
flows smoothly into the mouth of the conduit, Floods which overtop the
cxi:sting walls will encounter the cylindrical wing wolls reforrod to
above, A short low earth dike with concrete core wall is provided to
complete the barrier befween tho jnlet structure ond the rallrond re-
tolning woll toward the west.

%, Outlet Structure, - The conduit passcs thraugh the enrth

dike at the Connscticut River on o skew ond the typleal soction is cut
of € where the top of the conduit pierces the outer slope of the dike.

A low pampet will rotain the dike slope abovo tho conduit roof and will
sorve (as will o similar membor across the botiom of the conduit) as a

berm to carry the loads resulting from the diagonnl termination of tho

- 1% =



ecenduit., Boyond this portal the channel 1ls formed by parallel wings
acting os cantilevors tied into the bottom slap or acpron which forms
an extension of the conduit bottom to its imbersection with the face
of tho dike.

l,, Access Manholes, - Access to each of the condult compart-

ments is provided at Main Street which is nbout midway of the condult
length through lorge storm wator comections, tho backwitor gate mon-
holes of which will be carmried up above the hydraulie grndient,

5., Gully Brook Conduit, - Near its upper end, in Bushnell

Park, two large openings are left in the northerly wall of the condult
cach 7 foot wide ond 9 feet high to pormit the entranco of the Gully
Brook econduit which is to be extended as o twin conduit aocross Bushnell
Pork and connected with the Park River condult by the Clty., The conduit
wnll is reinforoced to corry the loads interrupted by the openings, The
Gully Brook conduit, as reconstructed, will be carried far cnough back,
ns o pressure condult, to prevent flooding.

6. Pumping Station Inlot, - Under o separate contract, o -

pumping station is to be built near Hudson Strect at the casterly ond
of Bushnell Park to handle surfacc runoff in part of the protected area
during high stages in the Connecticut River. An opening will bo left
in the northorly wall of the conduit at which a connection con be mado
for thc discharge of water from the Bushnell Pork pumping station into
tho conduit., This opening is loenlly roinforced,

7+ Miscelloneous Openings, = Numerous opening s suitobly rein-

forced have been left in the conduit wnlls to pemit tho City to conncct

storm wator sowers, In those canses where boackwntor during high wnter



could couse floocding through thesc sewers, suitable buckwoter gotos will
be provided situsted in chombers outside the cenduit structurs,

B, SPECIFIC.TIONS FOR ST}SPQTUR'.L DESIGN.

1. Genernl., - In goneral the structural dosign for tho conduit
has been executod in accordance with standard practice, In the foll owing
paragraphs are cutlined the bosic consideratims which hove beon used in
the structural design,

2. Unit Weights., - The following woights for matoriale wore

ngsumed in the design of the struecturos:

‘Hoter 2,5 1b, por cu, ft,
Dry oarth w0, " v " "
Saturnted carth 125, * = " "
Reinforeed conerste 150, " " " "

3, Earth Pressures, - In computing cotive garth prossurcs

equivalent fluid prossures woro usod as followss

Dry eorth 35, 1b, por cu, ft,
Saturoted carth 8o, " " 1t "

Passivo resistance of ecrth wns sssumed to bs equnl to active ocarth
pressura,

i, Hydrostotiec Uplift, ~ Tho underside of structures wos

assumed to be subject to upward hydrostatic prossurs oquivalent to the
full head of ground wnter ebove thoe plane of the foundntion, distributod
uniformly across the bottom. In gonernl, ground woter wos assumod to
stand at approximrtely the olevation of the tops of noarby oxisting
sewers on the thoory thot, after the Comocticut River diles with their
sheet pile cutoff are built, infiltraticn intc the oxisting scwors will
govern the ground water lovel in Hartford, In certain of the condult

soctions the ground water lovel must be further lowersd to avoid flotation,



This will be done by tho use of side drnins carried to out lets intc the
conduit ecnst of Commerce Streot nnd near Hudson Street, gated to prevent
backflow when either of the rivers is up. These drains will not be con-
nected to the City sewer system. When the conduit is full there is no
net uplift end a higher ground wnter willvnot offget the stability of
the structurs.

5, Bursting Pressure. - When the Connscticut River is in flood,

the Park River conduit will be subject to bursting pressure. For the
purposes of design, the Connecticut River has boen assumed to stend ab
Flevation 42 (maximum dctermined by Hartford enginsers),

6. Boaring. - Unit loads on rock foundations are muech less
than customary permissible loads on roock, Where foundutlons uro on
gloeial till through portions of Buwhnoll Park, unit bearing loads do
not exceod 3500 1b, per sq. ft. which 1s believed to bo conservetivo
for this material, Betwson tho Comnecticut River und the point oast of
Front Street where rock foundotion commences, the corduit will be carried
on piles through tho underlying thick layer of wmstable varved cluy to
the dense glaoinl till overlying bedrock, BEast of Commerce Streot whoro
condutt loads ere heaviest, concrotc pllos are called for, designod and
spaced to ecarry 50 tons each. Elscvhors timber piles, carrying 16 tons
will be used, since the smeing of the strongor coneraete piles under the
lighter conduit sections would bo toc groat. These pilles will be always
below ground wator level.

7. Frost Cover, - Frost cover docs not enter into %this problem
except at the approoch walls of the inlet structure which will be cerried

down s0 ns to provide at lernst l, ft. of depth belaw ground surface unless



ledge is oncountercd at a higher elevation,

8. Reinforecod Concrete,

B. General Pronctice, ~ Tho design of the reinforced con-

crete is in genoral in accordance with tho rocormendations of the joint
committee and the American Ccnercte Institute,

b. Allowable Stresses,

(1) Ultimate Strength, - Ultimate compressive strength

of concrete is assumed to be en average of 3400 1b, per 8q. in, in 28
days with minimum not less than 2500 1lb, per sgq. in.

(2) Working Allownnces, - The following working stresses

have been useds

lb, per sq, in,

Compression in concrete 900
Tension in stoel 18,000
Sheor without web roinforcemont

ond without spcelal snchorage 50
Shear with wob reinforcement and .

without special anchorago 150
Bond deformed bars 125

Laps or embodment to develop bond,
at least 45 diamoters

The rotio of moduli of elasticity wns takem os 12, At least Ly inchos
of conerote i provided over stuel in the lower face of footing and 3
inchos agalinst forme,

(3) Temperoture Stcel in exposed faces was provided

at lenst equivalent to 5/8-inch round bars 12 inchos on centars, i

: 9. Reinforecing Stecl, - Tho steel assumed to bo used ig new

billet stecl, intormedinte grade, deformod bars,
C., LOADINGS., - The structures were designed to resist the most
wnfavornble combination of londings which arc likely to occur simultane-

ously.



1, External lLonds, = Whon thoro is little orno wotor flowing

in the Park River the conduit must rcsist oxtornol loads from tho refill
over the top plus highway loads whero apolicable; horizonmtol earth pres-
sures against the outside wnlls; and upward hydrostatic pressures on the
foundation, The foregoing may be considered os the usual condit im.

Undor the roilroad track just oast of the dike, the conduit
is copable of carrying Cooper's E = 60 (equivalent uniform load) on
oither one or both conduits, Where highwoy loads moy resch the cordud t,
the uniform equivalent of H~20 looding wos usod,

1f tho time shall como whon tho shallow fill baetweon Com=
moree nnd Main Streets is removed md a paved roodway constructod close
to the top of the conduit, o temporary condition may oxist whoro the earth
load has been removed from ono=half of the cmmduit far construction pur=-
poses whilc the other holf is stlll loaded with the original carth fill
plus some construction equipmont, Consid eration was given to this ex-
traordinary condition of unsymmetrical loading, and the design considored
pocoptable if the resulting unit strosses did not unrensongbly execod
usunl values in view of the transient cheracter of this londing,

5. Interml Londs, = Tho intericr of the conduit 1is subjcet to

bursting pressure from flcod levels in tho Connoctieut River which back
into the conduit, Stresscs due to bursting in combinttion with othor
eonditions arc pormittod to exceed usual values by reasunable amounts,
owing to tho rarity of oxtreme floods in the Conmoeticut River,

D, ARCHITECTURAL TREATMENT OF EXPOSED SURFACES.

1. Inlet, - For hydraulic roasons, the sexposcd surfaccs of

head snd wing walls at the inlet will Do of smooth concrote., This

- 18 -



structure lies ot the extrome limits of Bushnell Park, ndjacent tc the
barren parade ground in the rsar of the State Armory mnd the oxpensc
of ecut stone finish is not believed justificd even if permissible under
hydroulic consldeorations,

2, Outlet, = The exposed surfucces of head well ond wings ot
the outlet structure will be plain, smooth concrote surfuces. The sur-
faees of this strueturc are not seen oxoopt froum the rivor and there is

ne cecasion for speeinl architectural troatment,



V. COTSTRUCTION PROCIDURE



V. COCNSTRUCTION FROCEDURE

A, SEQUENCT OF COPERATIONS. - It is probable that operations will

be started first at and near the outlet and later at the easterly end
of Bushnell Park, and that work will progress westerly from each of
these points. From the outlet to Hudson Street, the work will be sub-
ject to discontinuance during the high water season, end to ccecasional
interruption during the construction sesson by intermittent high water
in the Connecticut River and by floods in the Park River itself. The
upper section through Bushnell Park, except at its extremities, will be
comparetively independent of ordinery floods in olther river and work
can be continued thero throughout the yecr subject only to such limita-
tions as arc imposed by winter weather.

1. Downstream Section. - The first work in the scction

from the outlet to Hudson Street will include the construction of the
outlet and the hemvy conduit seetion ascross Dutch Point beneath the site
of the dike and the roailromd tracks. At the outset, this will involve
construction of cofferdams to cxclude the Connecticut River on the east
side end the Park River on thc west side of Duteh Point. The clovetion
selceted for the tops of these dams should be such as to provent too
frcquont overtopping by high woter in the Comnceticut River. 1In this
locelity, also, traffic over the single main ling roilroad track and
nceess by rondwny to the Duteh Point power plent must be mointained.

It is of primery importance thet the work be carried far enough to per-
mit the divorsion of Park River across Dutch Point in the latter part of
1940 in order tec poermit the filling of the present mouth of Prrk River,

by cnother contresctor at the cerlicst possible moment +
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For tho construction of the condult in the present bed of Park
Diver it will probably be neccssary to enolose o scobion scveral hundred
fcet in length betveen tvo temporary dams of stndbegs or other type
earried completely across the river channel, the flow of Park River being
conveycd between the two dams through n loarge pipe or encloscd flumce
This pipc would probably be crocted ot onc side of the channcl while
somothing over half the width of the bottom is constructed on the other
sice, after which the pipe yould be moved over to permit the complcetion
of the bottom. In its second loentien, the pipc would be placed so as
not to interfere with the construction of +mlls and roof of the conduit.
The hecight of the temporory dams would bo sueh as to provent the backing
in of the Connceticut dowmstroeom, or too frequent ovortepping by high
flows in the Pork River, upstream; ond the flume would be proportioncd
to suit a retc of flow which vwill not be exececded too ofte$ during the
construction soaschie

Aftor thc completion of the conduit in o rniven section,
temporary dems and flume would be removed end moved to a moew scetilon up-
stroom. The finished conduit would thon be uscd to convey tho woter be=
low the working section, the lower tamporary dam being built within the
conduit to oxclude beckvater from the Conneceticut River.

2. TUpper Scction. = Test of the point where the conduit

leaves the bed of Park River and peasscs through Bushnell Pork, construce
tion will be ceomparatively frec from intcrference by ordinary high wetor
in the Park River, oxccpt at the inlet end and at the pcint ncer Hudson
Strect where comnection is made with the lower seetion, The work through

Bushnell Perk involves doop =nd wide oxcavation in both corth and rock.
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Hueh of the oxcawvated motericl will onrobobly have to be placed in ster-
ege piles until it can be ultimetely disposed of in the present bed of
the Pork River after the cumplotion cf the condult. A limited cmount
can be uscd in refilling pertions of the finished structure after the
concrcte hes eged sufficlontly to carry the load. It may also develop
thot considerable guantitics of erenvoted material con be hzuled dircetly
end dumped in designoted parts of the Poric River choamnel near Dubeh Point
after the lover ¢nd of the conduit and the outlet structure cre completed
end ean be usod to carry the discharge of Pork River,

Construction vork through Bushnell Poark can presumebly be
dene throuvph the cntire ycor, ricking it possible for the contronctor to
meintein his orgonizoation during the late winter and spring season when
vierk in the river bed iz impossible owing to high woter. FProgress in
this scction may be restricted duc te the large volume of excovation and
the proboble nccessity for tight shecting. The lotter will be required
cn account of the treacherous character of the soft clay which consti-
tutes o large portion of the ecrth cxeavwntion and alsc becouso of the
limitetion in vidth impesed by the nocossity for minimizing the damege
to trees ond olher park features,

B. PROGRESS SCHEEDULE. - The dicgrom on the following poge indi-

cates o tentative forceost of progress. It assumes the cvurd of o con-
struction contract on July 1, 1940, but can be rondily andjusted for

cther storting detos, The full line of the diagram designetes finiched
concrete on the assumption thot exeovetion, refill, cte. will, in general,
he paced to pormit meximum pregress in the concrote item. Considering

the type of the project, the difficulty of neecess to same ports of the

- 22 -
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site and the nature of conditions under which work must be done, 1t
seems probable that the rate of comereting will not average more than
150 cuble yards per day taking into consideration occasional days when
none cen be done. In the heavy section east of Commerce Street this
rate can perhaps be exceeded, owlng to the nassive cheracter of the
structures in this locality.

Work in the section between the Comnecticut River and tHudson
Strect is neccssarily interrupted during the high water season in the
Connecticut River. In the diagram, this is assumed to be from the
first of Februery %o the middle of iay.

In the disgram it is sssumed thet work in Bushnell Park will
pot be stoartod until the begimming of the first high water season,
The orgenization developed at Dutch Point and in the lower rcachos of
Park River will thon be transferred to Bushncll Purk wherc work will
thereafter continve uninterruptcd for about two yonrs, being finished
at about the same time that the upper end of the river scction joins
the lover end of the park section. The inlet will be built lest, after
the entire conduit is awvailable to take the river flow diverted from
the old channel.

Tt appears thet the work will consume at loast three complete
scasons, énd it is anticipoted thet 2ll work will be completed by July
1, 1943,

C. CONSTRUCTIO:N DETAILS,

1, Cofferdems, = The river bottom in the gencral location of
the cofferdunm required in tho Connecticut River for the construction of

the Park River Condult ocutlet is at epproximately Elcvation=l3. Tt



seems probable that the contractor will elect to carry the cofferdam
at least up to Elevation 10 in order to protect his works from water
level in the Commecticut River up to Elevetion & or 9. From data
supplicd by the U. §. Weather Buresu for the period from 1917 to 1938
(see Plates Nos. 1}, and 15) it appears thot the woter level in the
Connecticut River may be expected to exceed Elevntion 8 on the evcrage
of about l; times during the construction senson, which is cssumed to
be from the middle of May until the first of the following February.
T the cofferdam were roised te exclude all river levels below Elevo-
tien 10 it would be overtopped about three times on the average during
the construction scasen. This cofferdom will presumably be constructed
of cells or of two lines of shect steol piling properly ticd together
ond £illed vith enrth. The sheet piling should probobly extend approxi-
mately to Elevotion=30 in crder to penetrotc about 10 feet into the
imperviouvs materiasl indicated by the borings to provent undorflow,

Any cofferdams in the Pork Rivor cost of Front Strect may
elsc be constructed of shoet piling but at end cbove FFront Strcet
there 1s insuffiecient overburdon cbove the bed rock for the penctraticn
of sheeting so that dams of sandbogs or slmilor construction will
probobly be rcquired, The dowmstroam dom of ony section to be une-
wetored for construction in the bed of the Pork River will be at sub-
stentinlly the same cleveticon as thet ndopbeod for the Comnceticut Riwver
cefferdam. The upstreom dom must be high enough not only teo cxelude
woter which bocks in from the Connecticvt River through the flume, but
alsc to divert the flow of Pork Rivor into the flume,

Reccerds of moximum retes of flow in the Park River from 1937
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to 1939 inclusive indieate thet daring the promescd construction seascn
rates of flow in oxcors of 100 eubie feot rnor sccend may be oxpected to
cecur 7 times and in oxeess of 600 cubic foct per sceend, $ timcs. It
wsuld eppeer that the flume must heve adequrte copoeity to corry flovs
of this order c¢f magnitude if the works are nct to be drovmed out et
freguent intorvels.,

2, TReilrocd Cressing. - A single mein trick of the Velley

Broanch of the Now Yerk, Mew Hoven & Hortford Reilreod must be mointeined
vhere the railrend erosscs the site of the condult ncar its lover cnd.
It is preboble thnt spur troclk service to the Duteh Peint power plant
can bo tomporarily provided south of the limits of tho werk. Alternate
mothods for providing for this roilrocd trocs weuld be: (1) cerry the
treer over the work on o temporery bridge spomning the cxcavotion; or

(2) shift the treck to one sice, peossibly using the approxirmcte locction

w

of cnc »f the cxisting sidings, while o scetion of the conduit is eon-
structed tnd nged sufficiontly te earry londs; then shift the trach bock
ts its fincl lsentien cn the fill sver the conduit end continue the con-
struction,.

%Z. Strect Creossings. - Bxisting highwny bridgeo ot Commerce

4

Stroct, Front Strect, Prospeet Street and Eudsen Street nust be roemoved
tn pemit the eomsiruction of the conduits Thiz will be dere by the
controetor Jjust prior to his cccupetion of cech location,

Ao ston s pessible after the emestruction of the condult
bonceth cny bridge, the strect will be rostored to servieco by the con-
struction of o tomporary or permoncnt bridgze tc be bullt hy the elity.

Hot more than onc of thosc eress stroets may be out of



service ot ony ¢ne time. The coxisting bridge ot Main Street will not be
removed since it has sufficient clesrance te permit the conduit to poss
through witheut interference. The contracter will be permitied to
utilize the stub ends of the eloscd strocts fir ccnstruetion purpescs

to such an extent o5 will not unduly interfere with o2ccess to private
property by the ccecupeonts thergof.

In Bushncll Perle the conduit interscets Trinity Strect, and,
ncer the westerly cnd, the Parle rosdwny. Trinity Strect is an impertant
thorsughfare ond must be Zept in serviee with a minimum of interruption.
Por this rcoascen, the cut snd cover method should be used ot the Trinity
Street creossing providing a plonk floor overpass for traffice while con-
struction is geing on beneath,

At the Park roadway there is but little clearance between
the road surface and the top of the cenduit recf, Cut and cover is
therefore impracticable at this street and traffic will be detoured dur-
ing construction at this point,

L. Piles. - Both concrete and timber piles will be used as
discussed in Paragraph IV-B-6, If the concrete piles are of the precast
type, casting should commence as soon after the contract is signed as
the contractor can get accurate information as to the roquired length
of the first piles to be driven. These piles will then be suitably oged
by the time the cofferdam has been wmwatercd and excavntion made to sub-
grade,

Pilee puss through o considerable stratun of wesk and unstable
silty elay. The disturbonce of this material may meke necessary

specinl precautions to aveid injury to the foundotions of nearby buildings



particularly that of the Duich Point pover plent. Corcful obscrvation
shculd be mode during construction to determine whethor speeial proeau-
tions are necessory, such as o temporary sheet pile curtaoin driven
through the unstablc metoricl between the vwork and the eriticol neorby
structurc or holes con he sunt in ndvonce of the piles to compenscoto
for the displocement of materinl,

At certnin cross streets, the bridges of which must be removed
to permit the construction of the condult, new bridges will subscquently
be built by the State Highwoy Deportment, who have asked thet stecl E
piles be driven under this conirocet for usc wider future abutments. This
hos been provided for.

5. Roclk Fill end Riprap. - The protective cpron of dvmped

roclz in the bed of the Conncetieut River at the Tork River conduit
outlet should be nlueccd as scon as possible after the outlet is cone
structed in order to protccet ogeinst scour resulting from the early di-
version of the Pork River into completed portions of the conduit. Thoe
slopes of the river chennel at and immediatoly above the condult inlet
will be protected by riprep.

o Drainage Systems. - Cortzin scetions of the Pork River

conduit will be buvoyant vhen cmpty if wmter is zllowed to risc too high
outside thc strueture, For this resson side droins are provided where
neeessary to prevent the undue risc of the ground wuter clevetion adja-
cent to tho conduit, Surface woter drains ore provided at cach side of
the conduit vhere nceded, discharging into the existing Connccticut River
intcreeptor just ocost of Commerce Street and neoar fudson Stroect.

7. Sowcrs. - Existing scucers must be roconstructed whore
———————— -
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thoy cross tho sitc ot the conduit es follows:

a, Poyls River intereentor neoar the inlet is to

=  bc rebuilt cs an invertcd siphon, possing
beneath the cemduit. The upstream menholo
of this siphon is provided with patcs to
nrevont the flow of flcod woters from the
Pork River through this sewer inte the city,
und to cdmit the contonts of this sewer
dircetly into the condult during floods.

b, Hudson Strect Sewer will be rebullt os an
— Invorted siphon and the necessary cpprooch
chenges will be earricd out by the city.

c. Connccticut River interceptor, which now
phssos under the preoscnt river bed cs an
invertcd siphon, will be lowcred to noss
under the erncduit, the approaches boing
reviscd as necessery by the City.

The contents of thesc sewors must be provided for during
construction us o port of the problem of hondling strean flow,

D. TESTING MATERTALS,

1. Soil. - Any soil tecsts reguired %o dotormine the ado-

quacy of fourndation materisl oncountercd will be made ot the s0il
loboratory of thoe U. S. Engincer Officc at Providence, R. T. or in the
ficld soil laoboratory ot Hortford, Comnectiecut.

2, Conercte Construetion. - Motoriols uscod in the moking

of scncrote will be tested ot the Contrnl Conerete Laboratory, Vost
Point, New York., Ficld tests will prinecipally be uscd for esntrol of
quality of concrete during construction., Facilities will be aveilable
for groding the aggregote, designing mizes, meling of slunp tests and
for costing and curing concrete oylinders for compression tests.
Cement will be tested by the Centrol Concretc Loboratory

end rosults of those tosts 1ill be !mown bofere tho comont is usod.



Mine ond conarse agpreogates will be obtained from anproved cormmcreicl
sourceg., Storage of cement ond nggregote, mixing =znd plocing of con-
crete ond plaeing of reinforcement steel will be supervised ond

dirceted by Government inspectors,



VI, SUTADY OF CO3T



VI. SWEHARY OF CISTS

A. The teotnl construction cost of the Park River conduit, Item

Ht=6, of the Hertford flood protection works, has been estimnted ot
33,711,400, including 107 for contingencies mn¢ 1573 for enginecring
ond overhend, but excluding the cost of land, rights of way, and cere
tein necessary londscape work which the city will do in Bushnell Pork.

This figure hos been distributed ns follows:

1. Preporction and exenvation 5 657,600
2. Piling 247,400
3, Cecncrete structurcs 2,605,000
lye  Dackfill and suriceing 128,300
5. Sewers, droins and miscellanecus 7% ,100

Totrl 33,711,L00

1. The preparation snd exeavetion item ineludes preparo-
tion of tho site, control of wuter and sewupe, removel of structures
~nd exenvetlon,

2 The piling item includes concrcte, wood onéd steol
riles, wnd sheot stecl piling.

3. The conerete structurcs itan covers 2ll concrete struce
turcs for the conduit, inlet and outlet, and appurtencnt structurcs,
ineluding stecl rcinforccunent, copper woter stops and expansion jeints.

lie  The badcfill itoem inecludes bockfill, riprap, rock{ill,
groavel mnd groded stone, topsoll, gressing cnd poving.

Do The item Tor scwers, droins, omd miscelloncous includes
the pipe, menholes, cntch-basing, gutes, cte. for side ond surfoce

drcins and for sower rocenstruction, ll metar vwrk ond ¢ther items

not covercd in Items 1 %o L, inclusivo, shove.



Be The Foderal Government's shure of the cest as indicrted by

the estimoted cost of the aven chnnnel plan (sec Scetion I - C), is
32,764,600, This is subject to adjustment in the light of actwal
bid prices, On the bosis of this estimateo the shore to be cssumed by

the City of Hartford weuld be 946,800,
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Plate
1 General Location
2 Flan snd Profile No. 1
3 Plan and Profile No. 2
L Plan and Profile Wo. 3
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8 Subsurface Explorations No, 1
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